In the light of previous studies, this paper improves the traditional horizontal axial soil tensile tester, eliminating its defects. Then, the improved tester was applied to test the tensile strength of remolded and undisturbed loess. The tensile properties of the two types of loess were summed up based on the test results. For undisturbed loess, the tensile strength increased with dry density when the water content stayed the same, and decreased with water content when dry density remained the same. For remolded loess, the tensile strength first increased to the peak value and then gradually declined, with the growth in water content. In general, the tensile strength curve of undisturbed loess took the shape of a slope, while that of remolded loess showed the wavy pattern. The difference arises from the loss of bonding force and weakening of structuredness in the remolding process.
INTRODUCTION
Loess is widely distributed across China, especially in the north and northwest, taking up about 6 % of the country's land area [1] . In fact, China has larger loess-covered land than any other country in the world. With the infrastructure boom, loess excavation is inevitable in many construction projects. This calls for in-depth analysis on loess, a soil with unique mechanical properties, in the context of engineering construction [2] .
Concerning the mechanical properties of loess, most of the existing studies focus on the structuredness, collapsibility and the influencing factors of compressive shear strength [3] [4] [5] [6] , failing to consider the tensile strength. However, the tensile properties of loess are critical in many projects and related to various engineering disaster, such as slope slippage, impervious layer cracking, hydraulic fracturing and uneven foundation settlement [7] . If the law of tensile properties of loess is determined, it will be possible to improve soil strength theory and guide engineering practice.
So far, the tensile properties of loess have mainly been studied through experiments, with special attention to the mechanical mechanism and influencing factors [8] [9] [10] . Taking water content as the influencing factor, Wang Yanhui et al. [11] examined the tensile properties of undisturbed loess though various types of tests, revealing that the tensile strength is negatively correlated with water content in any test. Through axial fracturing test, Li Chunqing et al. [12] investigated the tensile properties of undisturbed loess, conducted 3D modelling of the test data, and then detailed the relationship between fracture changes, displacement, stress and strain of the specimens. Dang Jinqian et al. [13] attributed the tensile strength of undisturbed loess to the water film of the soil, particle cohesion and matrix suction.
Overall, the existing studies have gained insights into the tensile properties of loess, yet failing to compare the tensile strength of undistributed loess and that of remolded loess. To make up for the gap, this paper improves the horizontal axial soil tensile tester, and uses the improved tester to test the tensile properties of remolded and undistributed loess of different dry densities and water contents. Based on the test data, the author analyzed, summed up and explained the difference between the two types of loess in tensile properties.
METHODOLOGY

Tester improvement
To overcome its defects, the traditional horizontal axial soil tensile tester was improved in four steps:
Step 1: To counteract the static friction at the bottom, height-adjustable scale bolts were added around the tester to adjust the inclination of the plate [14] .
Step 2: The scale and axis were marked, and a manual adjuster was installed to keep the tensile force on the axis, aiming to minimize the error.
Step 3: The glass plate was applied in advance with lubricant (e.g. Vasline), trying to reduce the friction of the sliding specimen.
Step 4: Different instruments could be placed according to the test requirements, making the tester more universal.
The top and side views of the improved tester are provided in Figure 1 
Specimen preparation
All loess samples were collected at once, from a slope in Luochuan Loess National Geopark, Yan'an, northwestern China's Shaanxi Province. The undisturbed loess was greyish yellow, containing a few grassroots, wormholes and other impurities. It was measured that the loess samples have a plastic limit of 13.7 % and a liquid limit of 28.5 %. According to the empirical formulas in the Code for Soil Test of Railway Engineering (TB10102-2010), the optimal water content and maximum dry density of the loess samples were derived as 15.3 % and 1.78 g/cm 3 , respectively. (1) Undistributed loess With proper clamps, the undistributed loess was shaped into eighteen 15cm×5cm×5cm rectangular blocks in the lab. Next, the dry densities of the specimens were measured. The measured data basically fell in the range 1.20 g/cm 3 -1.60 g/cm 3 . In the light of the dry density, the specimens were evenly divided into three groups, whose mean dry density was respectively 1.20 g/cm 3 , 1.44 g/cm 3 and 1.56 g/cm 3 [15] . After that, the specimens in each group were injected with different amounts of water, and subjected to moisturizing curing for 12d or more. The curing is to ensure uniform diffusion of water inside each specimen and reduce the test error. After curing, the mean water content of the first specimens in the three groups was 12 %, that of the second specimens in the three groups was 14 %, that of the third specimens in the three groups was 17 %, that of the fourth specimens in the three groups was 18 %, that of the fifth specimens in the three groups was 20 % and that of the sixth specimens in the three groups was 23 %.
(2) Remolded loess Some of the collected loess samples were remolded, prepared into remolded specimens with different water contents (10 %, 12 %, 14 %, 16 %, 18 %, 20 %, 22 % and 24 %) and dry densities 1.35 g/cm 3 , 1.45 g/cm 3 , 1.55 g/cm 3 , 1.65 g/cm and 1.75 g/cm 3 ), and cured for 2-3 days [16] .
Test procedure
Step 1: A specimen was placed on the glass plate, after the plate surface was treated with lubricant (e.g. Vasline). Then, the bolts at the four corners were adjusted, keeping the front and rear horizontal. Next, the plate inclination was changed until the specimen was about to slide, thus offsetting the friction. After that, the scale of the plate was adjusted, such that the specimen axis, the plate axis and the pulley axis coincided with each other. The scale was fixed to maintain the specimen axis under the tensile force.
Step 2: In the course of loading, the weights were added in descending order of mass. After adding a weight, the specimen was left to stabilize for 1min before adding the next weight.
Step 3: During the tensile loading, the tensile change of the specimen was observed continuously. The test was terminated once the specimen was broken. Then, the weight data were recorded, and the instruments were sorted and cleaned.
Step 4: The tensile strength of the specimen can be calculated by:
The above formula can be rewritten as: The relationship between tensile strength and water content of undisturbed loess specimens is presented in Figure 2 . It can be seen that the measured tensile strength decreased with the growth in water content. This is because the water film, particle cohesion and matrix suction are all negatively correlated with water content. In addition, the lines in Figure  2 were relatively smooth, and the slope reduced with the growth in water content, indicating that the tensile strength of undisturbed loess changed more and more slowly with the rising water content. As shown in the figure, when the water content remained basically the same, the greater the dry density of a loess sample, the stronger its tensile strength. For undisturbed loess, the tensile strength climbs up as the dry density increases between 1.20 %-1.56 %. Table 2 lists the test results on remolded loess specimens. Figures 3 and 4 respectively display the correlation of tensile strength with water content and dry density of remolded loess specimens.
TEST RESULTS
Test results on undisturbed loess
Test results on remolded loess
As shown in Figure 3 , with the growth in water content, the tensile strength curve of each specimen first climbed up to a peak point and then went downhill. In other words, the tensile strength first increases to the maximum level and then gradually drops at a decreasing rate, when the water content increased in the range of 10 %-24 %. Moreover, with the increase in dry density, the tensile strength showed a gradual upward trend; the two parameters basically have a positive correlation. Whichever the dry density, the tensile strength always peaked at the water content of 14 %, revealing that 14 % is the optimal water content. This content was about 1 % smaller than the previously computed result. The difference may be the result of the curing condition [17] .
As shown in Figure 4 , when the water content remained the same in the range of 10 %-24 %, the tensile strength of remolded loess augmented at an increasing rate, with the increase of dry density. When the dry density remained the same, the tensile strength of remolded loess peaked at the water content of 14 %, indicating that the optimal water content of remolded loess is also 14 %. The tensile strengthwater content curve of remolded loess obeyed normal distribution: the tensile strength continued to grow as the water content was below 14 %, but started to decline as the latter was greater than 14 %. For remolded loess, the peak tensile strength and the slope of the relationship curve between tensile strength and dry density both changed constantly, as the water content varied between 10 %-14 %. 
COMPARATIVE ANALYSIS
The variation in tensile strength of undisturbed loess and remolded loess was plotted at two different dry densities. It can be seen from Figure 5 that, the tensile strength of undisturbed loess continued to decline, without any rebound, as the water content was on the rise. Meanwhile, the tensile strength of remolded loess had a wavy pattern: the strength firstly increased to the peak and then declined. The comparison shows that both undisturbed and remolded loess have a certain tensile strength, which depends on water content and dry density. When the water content remains the same, the tensile strength of either type of loess increases with dry density. However, when the dry density remains the same, the two types of loess witness different trends in tensile strength. This phenomenon can be explained as follows:
Under natural conditions (e.g. rain, solar radiation, high temperature and severe coldness), all the cementing materials inside undisturbed loess have reacted with soil particles, leaving no chance to bond with water. Thus, the tensile strength of undisturbed loess will not increase with the water content. By contrast, cementing materials within the remolded loess have not fully reacted with water. Thus, the tensile strength of remolded loess will increase with water content, and continue to decrease till breakage after the water content surpasses the critical level.
Furthermore, the remolded loess specimens had lower tensile strength than undisturbed loess specimens. This is because the soil particles are rearranged in remolding, which damages the original cementation state between them. As a result, the tensile strength will grow with the increase in water content, but the specimens cannot reach the optimal stability.
The analysis shows that the tensile strength of loess is significantly affected by disturbance [18] .
CONCLUSIONS
This paper improves the horizontal axial soil tensile tester, and uses the improved tester to test the tensile properties of remolded and undistributed loess of different dry densities and water contents. Based on the test data, the author analyzed and explained the difference between the two types of loess in tensile properties. The main conclusions are as follows:
(1) To make the traditional tester more scientific and rigorous, height-adjustable scale bolts were added to adjust the inclination of the plate and counteract the static friction; the scale and axis were marked, and a manual adjuster was installed to keep the tensile force on the axis, aiming to minimize the error.
(2) The tensile strength of remolded loess specimens first increased to the peak value and then gradually declined, with the growth in water content. The tensile strength curves generally took the wavy pattern. As for undisturbed loess specimens, the tensile strength increased with dry density when the water content stayed the same, and decreased with water content when dry density remained the same.
(3) The most significant difference between undisturbed and remolded loess in tensile properties lies in the shape of the tensile strength-water content curve at a constant dry density: the tensile strength of undisturbed loess continues to decline, while that of remolded loess exhibits as a wave (first increases to the peak and then gradually decrease). The difference is attributable to the incomplete reaction between cementing materials and water in the remolding process, for the particle cohesion and matrix suction are not optimized.
